Science and technology should play a 
strategic role in Brazil, given the need 
to improve productivity in the 
economy, to deal with problems of 
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environment degradation, and to 
participate more fully in an integrated 
world economy and society. 
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Science & technology in the new world order 



Georges Ferne* 



Three major forces operate to define the main characteristics of post-indus- 
trial societies: 

— The new technological dimension of all economic and social processes, stem- 
ming as much from the increasingly effective mobilization of research and devel- 
opment (R&D) resources as, more generally, from the improved capacity of soci- 
ety to exploit opportunities generated by new knowledge. 

— The cascade of problems and demands resulting from past economic and 
technological accomplishments, that require decisions while increasing uncer- 
tainty about the future implications of choices. 

— The rapid transition to a global economic system characterized by new forms 
of interdependence. 

Although these three forces define the general features of "modernity" and 
represent a major break from the past, they are deeply rooted in a long history of 
changes in the scientific and technological systems. Recent historical milestones 
in this process include the Industrial Revolution of the 19th century, the two 
World Wars, the Cold War and the energy crisis, but the chain of events extends 
far back to the dawn of human history and the initial relations between man and 
technique: the age-old movement that produced modern technology led to a mar- 
riage of knowledge and action bringing together the scientific and economic 
worlds — to the extent that any technological advance can now be simulta- 
neously viewed as an investment and the generation of new knowledge. It is this 
unprecedented combination that defines technology (the deliberate mobilization 
of knowledge) as something different from "technique" (the fruit of experience 
or, according to Braudel, the "taming" of man by man). 1 

The change was enormous, as evidenced by the difficulty of expressing it 
with the available words: 



* Organization for Economic Cooperation and Development (OECD), Paris. 

1 Braudel, Fernand. Civilisation matirielle, iconomie et capitaiisme. Paris, Armand Colin, 1986, v. 1, 
p. 291. 
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"Technology is a word which is taken for eranted in w«„r u 
since 'technique' refers to something qii^ft^^^"^ tom » 
Continent, in French, German or the ££? -^ to 

redundant beside la 'technique' which covers tfSSt ^ T^i ■ m 
technical; 'technologies is much more srSa^ ^ 

began to appear in the economic literature in the late s Sfe T^rlr ? T 

respe^oSu "" - hUS f^ ^ " tod »^". * » not in view of their 
respective objects - since both tend to combine accumulated knowledge effort 

order to open the way for common Z££££? ^ ^ ^^ ^ * 

^'ionalizatior, , of research, through the creation and diversification of a wide 
array of speciahzed organizations such as universities, public andTndustrianlbo 
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atrial development, which has made it possible to establish dynamic sets of 
relations between research and the market. 

Technological development and the improvement of P™^ " 5 ™^ 
andpT^esie thus now intimately "^-tT^^ 

SSSSssSSsssss 

straints under which technique evolves. 

Technology = Technique + Research 

Si Ms hard co. of <«-*??*'«£?££ t£E£J5 — 

1. Science for the nations 

small number of rich Western countries. 



< OECD. New technologies in the 1990S: a socio-economic strategy. 1968. 
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The concentration of scientific resources 

In opposition to the layman's view — and to the occasional claims of scien- 
tists — the worldwide research and development (R&D) effort is far from being a 
truly international one. Research capabilities are concentrated in a small number 
of countries. More than 90 per cent of these capabilities (measured in terms of 
R&D expenditures) have always been concentrated in industrial countries. 

Throughout the crucial period since World War II (which has witnessed the 
increasingly systematic harnessing of science and technology capabilities to 
serve strategic and economic goals), the small "club" of highly industrialized 
countries have kept their dominant position while strengthening their R&D capa- 
bilities. If changes have taken place, they are essentially due to the emergence of 
a handful of new members such as Japan, Brazil, India, and the "dynamic Asian 
economies". All these countries have significantly increased their research efforts 
during the period. One of them at least — Japan — has emerged as a technologi- 
cal leader worldwide and has challenged the preeminence of the "old" industrial 
powers. 

It remains that, if one considers the relatively small number of countries 
scattered around the world that have both a full-scale S&T enterprise and the 
ability to take full advantage of it to serve political, economic and social objec- 
tives, R&D capacities remain a "local" phenomenon. This "local" phenomenon, 
however, has had and will continue to have, enormous global implications. 

A "local" phenomenon 

The total of the world resources allocated to R&D (as measured by R&D 
expenditures) amounted to about US$435 billion in 1988. More than 96 per cent 
were spent in industrialized countries, while all others (essentially the developing 
countries) merely accounted for the remaining 3.9 per cent of global R&D 
finance. 

This static picture does not pay justice to changes and fluctuations that have 
taken place in recent decades. Taken as a whole, the developing countries had 
achieved significant progress in this area until the early eighties, where their 
combined R&D budgets reached almost 7 per cent of the world total. 

However, these efforts have not continued to expand but have been reduced 
as a result of major constraints, such as the debt crisis and overall economic diffi- 
culties. The select group of industrialized countries has thus demonstrated that its 
preeminence cannot easily be challenged, and that the long-term development of 
an effective S&T base will remain shaky as long as it is not supported by a mod- 
ern and competitive industrial infrastructure. 

Of all the members of this group, Japan and South Korea have been the most 
forceful in strengthening their R&D efforts. Their annual R&D budgets nearly 
trebled (in current US dollars) between 1973 and 1980. By 1980, these two coun- 
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tries in East Asia together accounted for considerably more than the whole Third 
World R&D spending. According to more recent statistics, their gross domestic 
spending on R&D in 1980 represented a tenth of the world funding of R&D in 
1980, but had almost reached 20 per cent of it eight years later. 

The R&D expenditures of Western European countries have grown almost 
as rapidly as those of Japan in the seventies, and their share in the world total 
went up from 21.6 per cent in 1973 to 24.2 per cent in 1980. The average growth 
rate of many of the European countries remained high in the following years but 
has shown signs of slowing down. It might be increasingly difficult for Western 
European countries to retain their strong international position. 

Countries of Eastern Europe and the CIS have steadily lost ground as big 
R&D spenders. In 1973 their gross national R&D expenditures were estimated 
(in fact, probably overestimated) as representing a third of the global total, but 
only 27 per cent in 1980 and less than 20 per cent by the end of the eighties. This 
decline will undoubtedly continue, at least for several years yet. 

In relative terms, the North American region accounted for nearly a third of 
the world's R&D expenditures by the end of the eighties. There had been a period 
or relative decline in the seventies and the early eighties, but there are clear indi- 
cations that the new democratic administration will assign a new priority to R&D 
efforts. 

This overall picture underlines the fact that the strategic importance of S&T 
capabilities is now taken for granted in industrialized countries. It remains, how- 
ever, that fluctuations over time reflect the difficulty with which political agenda 
with necessarily shorter-term horizons can accommodate the long-term require- 
ments of R&D efforts. When resources are limited and budgets established on 
more stringent bases, these countries find it difficult to safeguard the broad conti- 
nuity of efforts and, even more so, their renewal and diversification to explore 
new frontiers. 

Science in the rest of the world 

One striking lesson to be drawn from the developments of the last decades in 
this area, however, is that the R&D activities of the industrialized countries have 
grown far beyond the threshold below which their survival, or at least their influ- 
ence worldwide, could be jeopardized. Whether their combined R&D activities 
amount to 93 per cent rather than 97 per cent of the world total will not funda- 
mentally affect their capacities to exploit new S&T opportunities. By contrast, 
the rest of the world can be viewed as much more vulnerable in this respect: its 
share of the world total managed to reach a peak of 7 per cent at the beginning of 
the eighties, followed by drastic reduction. And here the difference — from 7 per 
cent to less than 4 per cent — entails major reductions in the national capacities 
to take advantage of S&T. The more so in view of available data relating to R&D 
personnel rather than expenditure, since non-industrialized countries were 
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tries" (NICs) in Asia and some Latin American countries such as Argentina, Bra- 
zil Mexico and Venezuela. 

' — opinscount^^ 

Lng represents a large share of ^^tpSes underlines the fact that 

This typology of countries based I on f^*™ effort (nearly two . 

the heterogeneity of the developing ^J^?^^ in Asia in 1980, 

thirds in terms of expenditures) was ^J*^^ as china and India, 
particularly by those with relat,velylargeR&Dsy^emss ^ ^ 

L also »Y££^?£^^ *» a,S ° eXPan ff 
medium-sized R&D systems, e.g., rat estimate d that 75 per cent of 

their R&D activit.es U >™^*£%£>* world were spent by East and 
the resources allocated to R&D . , > ««£ v P £ cent deveIopin g country 
Southeast Asian ^untnes Today inoreflranOUP ^ ^ 

researchers are Asians. Africa, and to , 1» ex ; ent L fies with the largest 

Asian countries. 

The growing market-orientation of Western science 

as well as for others. 
Science as a national resource 

exploit knowledge or, an unseed. ;«<^ , te „„„„„„, of acIl ,i- 

Thein S Mut.onaUha,n draws roeltwnv dem . |c ^ 

78 



sn 



cies specializing in the promotion of science as a public good, thus serving spe- 
cial collective interests that would not be sponsored by market forces alone (for 
example with respect to health or defence, or to basic research and generic tech- 
nologies); and an extensive and highly diversified tissue of industries, ranging 
from small and medium-size firms to multinational corporations, each of which 
plays a role in the generation, diffusion and gradual adaptation of innovation. 

The mechanisms include a broad airay of funding instruments and incen- 
tives enabling public agencies to extend support to various types of R&D activi- 
ties: individual grants, project and programme grants, contracts, fiscal privileges 
for R&D activities, provision of risk-capital, and so on. They also include various 
procedures designed to encourage, for example, standardization, conformance- 
testing and quality control, in particular in relation to public procurements. All 
these mechanisms taken together play a crucial part in fostering variety as well as 
coherence in the generation of new scientific and technological knowledge. 

Another mechanisms that plays an essential role in the generation and diffu- 
sion of innovations is, of course, the market Its signals and its rewards, and the 
ways in which it modulates the prices of various factors, will directly determine 
the extent to which incentives operate that encourage entrepreneurship and risk- 
taking. The ways in which various industrialized countries have developed sys- 
tems that can balance the market requirements and broader political, strategic and 
social considerations will differ. All of them, however, have singled out domes- 
tic, and to varying extent international, competition as a major source of future 
growth. In the process, the market has become much more than an economic 
mechanism, to become embedded in the ways in which a national culture will 
develop its own approaches to risk-taking and innovation. 

This cultural dimension adds to the difficulty of emulating the successes of 
the more advanced countries: the collapse of the Eastern block in Europe, and the 
subsequent difficulties in its transition to a new economic system, underline the 
magnitude of obstacles to be overcome. These obstacles become all the more for- 
midable when cultural misunderstandings are coupled with major structural defi- 
ciencies. Lack of resources, low levels of skills, few training opportunities, inap- 
propriate curricula in higher education, weak technology supporting institutions, 
and so forth, may prevent many countries from taking full advantage of their 
stock of S&T resources. 

By the end of the 20th century, only a small number of countries have thus 
been able to create and maintain comparatively strong national S&T capabilities, 
in terms of research potential, and an effective system for the exploitation of 
research results. Most other countries do not possess the broad range of 
resources, instruments and abilities that are needed to take part in the interna- 



5 For a discussion of the notion of the "system of exploitation of research results", see; OECD. Major 
R&D programmes for information technology. Paris, 1 989, 
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(d) the importance of national strategic objectives assigned to S&T activities, that 
have led to the development of major military R&D establishments in certain 
countries as diverse as the USA, France, United Kingdom or Sweden; 

(e) the importance of the role traditionally assigned to the State as an economic 
actor, leading to important differences in the relative weight of the government 
research sector and the statutes of research- workers, as well as in the structure 
and importance of "national programmes" in S&TJ 

(f) the degree of internationalization of the national economies, that has deter- 
mined the range and degrees of the international outlook of scientific communi- 
ties and industry, and may have in particular been shaped in the past by the 
opportunities offered by the vast colonial empires of certain countries; 

(g) the nature and the evolution of the national consensus about the scope of 
social concerns to be taken into account by government, as illustrated by the very 
large social dimension assigned to technological policies, for example, in Scandi- 
navian countries. 

All these features are blended in different ways in different countries, so that 
each has developed its own specific approaches in embedding science and tech- 
nology in the economy and society. Some of these features — for example, early 
industrialization coupled with the opportunities offered by colonial possessions 
and strategic priority assigned to military technologies — may have been a major 
asset in attaining world leadership in the past, only to become a handicap more 
recently. This is due to the new trends in technological developments that under- 
pin international trade. 

The post-World War II era has been largely characterized by major advances 
in technology whose development and applications required enormous invest- 
ments over a long period of time, as has been the case for example with nuclear 
energy (in both the military and civilian spheres), space and aeronautics, the 
major wave of innovation in railroads, new mass production processes, and even 
sectors such as health if one takes into account the massive research programmes 
and the costs of making effective use of preventive techniques and medication. 
Central management of technological programmes was an asset in such a con- 
text, allowing governments to work hand in hand with large corporations to spon- 
sor the long-term efforts then required, in terms of R&D, institutional innovation, 
creation of human resources, and so forth. 

These efforts could take place in an institutional and economic setting inher- 
ited from the past that could readily meet new challenges and adapt to the new 
opportunities. 

A new em started in the mid-seventies with the economic recession follow- 
ing the rapid increase in the costs of oil and other raw materials, at a time when 
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new industrializing countries, in particular in Asia, appeared on the world scene 
as major challengers to the "old" industrial countries in their traditional economic 
strongholds, in sectors such as textile, steel, shipbuilding, automobile, and so on. 
It very quickly became evident that Europe and North America could no longer 
take their economic preeminence for granted in any area, but must found new 
competitive advantages on their innovative capabilities, 7 The ability to stay 
ahead of competitors, with ever more effective production processes and a grow- 
ing range of better products had become the driving force in international trade. 
This new market-orientation assigned to technology implied that the factors of 
success were linked to the ability to exploit research results rapidly, adjust 
quickly to market changes and demand shifts, and shorten the lag between the 
emergence of new ideas and their application. The ability to mobilize large 
cohorts of scientists and engineers under the umbrella of national programmes, in 
highly centralized institutions, was no longer a condition of success. Just the 
opposite, in many cases: as in the theatre, cumbersome processes and machinery 
slow down the action... 

Countries such as Germany and Japan, that had not acquired major govern- 
ment-sponsored technological establishments, emerged rapidly as the new cham- 
pions of world trade. Corporations that were managed according to dogmatic 
principles, had been excessively centralized, discouraged local initiative and felt 
secure with their market shares — from Westinghouse to IBM — were con- 
fronted with major difficulties. Others flourished. 

The eighties became a period of major structural change. Monopolies were 
challenged, either by the market forces at work, or by government decisions to 
divest, deregulate and decentralize. Attempts were made to reorient large techno- 
logical programmes that were ill-adapted to cope with the new requirements. 

In the United States, for example, the Department of Defence set up a num- 
ber of projects and new bodies to respond to the Japanese challenge of the Fifth 
Generation Computer Programme, as did the French with the Filiere electronique 
or the British with the Alvey Programme. These attempts met, at best, with 
mixed results. When they were launched under a defence umbrella, such pro- 
grammes could not be exploited on the civilian market as quickly and as effec- 
tively as might be needed. In other cases, the technological results of these gov- 
ernment-sponsored programmes were not sufficient to generate new industries. 

In fact, these programmes came to be criticized not only for their ineffi- 
ciency in the promotion of commercial innovation, but also in view of the fact 
that their very existence drove the overall costs of research upwards: such pro- 
grammes, for example, generated a demand for skilled researchers that had a 
direct^impact on the labour market and the salaries of scientists and engineers. 



7 OECD. Technical change and economic policy. Paris, 1 980. 
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were the highest. As a result, the margins of choice of countries could not but be 
reduced in considerable proportions. 

The logic of the market could not easily be reconciled with other require- 
ments, in the political, social, environmental or cultural spheres. The process of 
gaining new competitive advantages in terms of economic effectiveness entailed 
giving up in other areas. The leading countries, such as Japan, and the large mul- 
tinational corporations active world-wide set standards in terms of innovation 
rates and productivity that could not be ignored. To meet their challenge meant 
structural change and reduction of public interventions in the economy, slimming 
down of the work force with the introduction of more effective production pro- 
cesses, concentration of efforts towards the most promising or vulnerable areas, 
and so on. The results of these single-minded efforts were to become gradually 
more and more apparent, with steadily increasing unemployment; impoverish- 
ment of the State, that could no longer be taken for granted as a source of support 
for public goods and long-term efforts; or the reluctant but unavoidable trend 
towards interdependence of the national economies. The economic recession of 
the early nineties was to bring all these structural problems to the forefront, 
because they had by then become major political issues. 

The process is still under way, and its consequences for the industrial societ- 
ies are not clear, although it has become obvious that the very fabric of these 
societies is threatened, for example, by the rising tide of unemployment, the diffi- 
culty of meeting national commitments in public services such as education, 
health and relief, the dislocation of the rural communities, and the degradation of 
the urban environments. 

At the same time, however, the challenges and opportunities generated by 
high technologies become ever more pressing. New materials and biotechnolo- 
gies have already had enormous impacts, and hold the promises of many more to 
come. However, it increasingly seems that the full exploitation and management 
of these breakthroughs, as well as, more generally, the future bases of the econ- 
omy, will be primarily shaped by information technologies, 

A little less than five decades ago, it was universally taken for granted that 
the world had entered a new technological era — the atomic age — that would 
characterize the second half of this century. And, indeed, nuclear energy has had, 
for better and for worse, an enormous impact that cannot be underestimated. 
However, as the end of the second millennium approaches, another technology 
comes to the fore, with ever more general and far-ranging effects, to the extent 
that many would define the present era as the dawn of the information age. 

Information technology (IT) is traditionally defined as the convergence of 
electronics, computing and telecommunications. However, data processing capa- 
bilities are growing and spreading at such rates that many other technologies can 
be viewed as having reached a new stage, where they depend on the treatment of 
information rather than on physical manipulations. This is the case, for example, 
with new materials or biotechnologies. Furthermore, a growing variety of more 
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8 See: OECD. Information technology standard,, the economic dimension. Paris, 1991. 
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These fundamental features of the economy of networks define a new eco- 
nomic environment where the diffusion of innovation is accelerated and expanded 
by "bandwagon effects'*. Increasing returns operate in such a way that there are 
in theory no other limits to the diffusion of modern innovation than the available 
infrastructure (telephone lines, or broad-band networks in the near future). These 
underlying forces are precisely those that generate "globalization", and drive the 
world economy towards the establishment of a world system of networks. 
Belonging to this system will be a necessary condition for participation in world 
trade: not to belong will mean dropping out of the race. 

From both the supply and demand side, these varied factors exert strong 
pressure in favour of standardization. Standards guarantee that succeeding gen- 
erations of equipment will be compatible with one another and so ensure a satis- 
factory return on heavy initial outlay. They mean that networks can be intercon- 
nected (so profiting from even higher increasing returns) and give users an assur- 
ance that their network will continue to improve and grow. Manufacturers and 
service providers are often understandably reluctant to give in to these require- 
ments and abandon or modify their proprietary systems. It is easy to recall exam- 
ples of technologies that have occupied the high ground at the expense of rival 
systems which might have provided better results in the long run — the Qwerty 
typewriter keyboard, for instance, or the petrol engine for cars. 

The stakes are very high, but competing technologies can achieve markpt 
supremacy for many reasons, and not necessarily because they perform best or 
hold out the greatest promise. It can be a question of chance; or a firm may have 
climbed to the top on the strength of some other technology — IBM supplied 
office equipment before it went into computers. If this is so, increasing returns of 
adoption and network externalities work in favour of the dominating system and 
can stifle competition in spite of its possible merits and/or potential. 

In other words, in the context of rapidly expanding networks, a technology 
does not necessarily achieve preeminence because it is the best; it becomes the 
best because it is already dominant. The process has been described as "lock-in": 
a technology gets locked in the market and it becomes impossible for competitors 
to dislodge them. 9 

The trend towards greater compatibility, however, is overwhelming and 
reinforced by the demands of users, as evidenced by the progress made in pro- 
moting open systems. All the more so in view of the fact that the diffusion of 
information and communications technologies in all sectors of the economy and 
society generalizes the peculiar features of network economics outlined above. 
New production processes and tools, ranging from computer-aided manufactur- 
ing and design to flexible automation, and including computer-aided transactions 



9 Arthur, Brian. Competing technologies: an overview. In: Dosi et at. Technological change and eco- 
nomic theory. London, Frances Pinter, 1988. 
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The challenge of trading 

Networking thus takes place at different levels. There is the technical infra- 
structure of communications lines combining hardware, standards, protocols and 
software to evolve gradually into the "information highways** of the next century. 
There are local networks that have always existed in one form or the other but 
nowadays increasingly operate in "real time" within electronic communities hav- 
ing common interests. And there are socio-economic networks that use the new 
information media to establish novel alliances cutting across the boundaries of 
institutions and specializations in order to develop common strategies. 

This new fabric of relations will be enhanced and reinforced by the major 
priority assigned in all industrial countries to the development of a system of 
exploitation of research results. 10 Such a system implies the establishment of 
information and collaboration linkages between a growing number of actors in 
research, industry, services and trade. 

In all industrial countries, governments have tended to shift, in recent years, 
to indirect actions intended to promote the development of a trade-oriented 
research environment: legislative and regulatory measures considered to be 
obstacles to the diffusion and application of knowledge have been lifted (for 
example, various antitrust regulations were removed in the United States to facil- 
itate pre-competitive research cooperation between firms); new rules were 
adopted to encourage scientists to take a more active interest in the exploitation 
of their work (for example by allowing academic research- workers and institu- 
tions to apply for patents, even when the invention had been the result of feder- 
ally sponsored programmes, or by relaxing academic rules so that professors 
could participate in commercial ventures); incentives multiplied in order to pro- 
mote science-based industrial activities (i.e. fiscal incentives, schemes to develop 
employment of scientists by firms of all types, research funding instruments for 
industry -university collaborative ventures, and so on). 

This focus has been accompanied by gradual redirection of the public 
research support towards new types of programmes, in order to channel efforts 
onto areas of greater economic relevance. This has affected all types of 
research activities. For example, institutions that have traditionally been bas- 
tions of fundamental research (from the CNRS in France to the National Sci- 
ence Foundation in the United States) devote more and more attention to 
applied research and strategic research justified by its economic implications. 
Pre-competitive research activities have multiplied to bring together academic 
and industry scientists. Certain disciplines receive renewed attention and 
expanded support, when they relate to the "sciences of the artificial", or 
"transfer sciences", ranging from mechanical and chemical engineering to 



10 OECD. Major R&D programmes for information technology. Paris, 1989. 
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as electrical engineering or biotechnology, that have enjoyed expanded funding 
during the same period. 

New strategies are being developed for the management of scientific infor- 
mation in the "computer age". New instrumentalities open the way for easy 
screen-to-screen communication between researchers. The "grey literature" used 
to be unpublished material circulated under the form of manuscripts for discus- 
sion with colleagues. It has now become electronic, and a substitute to publica- 
tion when its access is restricted to members of a network that includes industrial 
and non-industrial scientists whose interests extend to commercial applicability 
at least as much as to the advancement of knowledge as such. 

Thus, commercial success may now be less a direct function of the ability to 
produce new knowledge, than of the ability to access the right information (and 
hence to belong to as many productive networks as possible) and to recognize the 
relevance and potential synergies of scattered elements of information. New 
industrial structures based on "flexible specialization" make it possible to adjust 
to new results and integrate them rapidly in order to acquire a temporary monop- 
oly that will undoubtedly be challenged soon by other actors. Hence the relent- 
less quest for ever newer data and ideas. No single organization can hope to mas- 
ter alone the expanding flow of results stemming from international research, the 
more so when the circulation of these results is increasingly channelled by their 
producers. It thus becomes unavoidable to trade with others the possibilities of 
gaining access to vital information. This constraint explains the development of 
cooperation schemes between industrial competitors ("coopetition"), where each 
participant stakes its future on its felt greater ability to manage and exploit the 
results that might become available. It also explains the extraordinary develop- 
ment of industry-university relations since the end of the sixties: industries do not 
support academic research merely to benefit directly from its results, or to estab- 
lish a channel for the recruitment of graduates, but rather to create, through the 
team under contract, a scientific channel to the relevant research worldwide. 

It is no wonder, in these circumstances, that governments have attempted to 
step in and take part in the "management and control" of the precious and short- 
lived resource that scientific information has turned out to be. 

Government controls were first implemented in connection with transfers of 
technologies considered to have military, or both military and civilian, implica- 
tions. Cocom was thus established in 1949 to monitor technology flows towards 
the communist countries. Since 1989 and the collapse of the Eastern bloc, the list 
of strategic exports under control has been shrinking, and the days of Cocom are 
obviously numbered. 

Other concerns, stemming from the potential dangers of exports of sensitive 
technologies to countries of the South, however, have prompted the creation of 
additional control mechanisms. The Nuclear Suppliers Group (NSG), or London 
Club, was established in 1975 to promote nuclear non-proliferation. The Austra- 
lia Group was created in 1984 during the Iran-Iraq war, in connection with chem- 
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of a number of countries, in Eastern Europe and in the developing world, from 
central planning to market economies illustrates spectacularly the end of a bipo- 
lar world and the growing impact of international trade. It provides, in fact, an 
illustration of the relentless pace and unprecedented nature of the "globalization" 
process. 

Developments in IT have already had a major impact on international rela- 
tions, in a wide range of fields extending from cultural to economic exchanges, 
and including areas of concern affected by the new technologies (such as the 
legal issues mentioned above, connected to privacy protection, transborder data 
flows, security, and so on). IT has played, and continues to play, an essential role 
in world trade and the current development of "globalization*'. This is not merely 
due to the rapid expansion of IT-related trade, 13 but also reflects the strategic role 
increasingly played by computer-to-computer relations as a basic infrastructure 
for international exchanges of all types. National policies cannot ignore this 
worldwide dimension: there are global problems to be addressed by IT, and new 
challenges resulting from the development of an IT-based world market, that can 
only be met through international action. 

The global nature of many problems that call for IT-based adjustments and 
responses, provides a powerful stimulus to international cooperation: 

— Environmental problems are drawing increased attention and the magnitude of 
the threats is such that joint international action is required. 

— There is a need to avoid costly duplication of R&D efforts that could be more 
effective if undertaken under multilateral cooperation schemes. 

— The greater integration of national economies generates new trade patterns 
and the emergence of transnational industrial alliances and information flows, 
that may call for the formulation of new international understandings and rules of 
the game. 

— International efforts are also needed to involve late-industrializing countries in 
the development of new world IT infrastructures, and allow them to benefit from 
the resulting growth opportunities. 

It remains, however, that the new global economy is not homogeneous and 
that a relatively small number of regions and countries exercise, enormous influ- 
ence. 



13 OECD, Trade in information, communication and computer services. Paris, 1990, 
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flow of services and finance across borders; and because it allows for real time 
monitoring and management of the most distant facilities. These features have 
generated a dynamic process of internationalization of economic activities that 
affects industry, finance, services, culture, and so forth, on such a breadth and so 
comprehensively that there is a clear discontinuity with respect to the past. Hence 
the notioa of "globalization", a notion that has been strengthened by the emer- 
gence of a number of "global problems" resulting from threats to the planetary 
environment. 

The rapid diffusion of IT thus fosters a new regime of interdependence in 
international relations. Each country becomes more and more vulnerable to the 
impact of decisions taken elsewhere — by other countries or by multinational 
firms. Informatization and computer-to-computer communications provide deci- 
sive instruments for the development of this new world structure that arms giant 
firms with the techniques required to manage, transfer and process technical and 
economic information worldwide and on an interactive basis. This will obviously 
affect the international division of labour and production as well as international 
trade, changing the patterns of industrial ownership and control, altering the com- 
petitive standing of individual countries and creating new trading partnerships. 

The impact of these new technologies cannot but become more and more 
extensive. This is not surprising. "Information activities of one kind or another 
are a part of every activity within an industrial or commercial sector, as well as in 
our working and domestic lives. Almost all productive activities have a high 
information intensity (some involve little else, such as banking or education), so 
information technology is capable of offering "strategic" improvements in the 
productivity and competitiveness of virtually any economic or social activity. 
Information technology is universally applicable." 15 

Mutual adjustments are taking place worldwide, between technological 
change, industrial organizations, financial and labour markets, as well as govern- 
mental and non-governmental institutions. They will obviously affect all nations: 
those that will be able to take full advantage of the new opportunities, those that 
will lose ground in the competition for global technological preeminence, and 
those that will find it ever more difficult to close the gap that separates them from 
the more affluent societies. A number of consequences are already clearly appar- 
ent: 

— The complex pattern of industrial alliances for research, production or market- 
ing, which ignores regional groupings to establish pragmatic coalitions of inter- 
ests that raise the threat of uncontrollable cartellization at world-scale. 



15 See'. Pereira, Paulo Rodrigues. New technologies*, opportunities and threats. In: Salomon, Jean- 
Jacques et al. (eds.). The uncertain quest, Tokyo, United Nations University Press, 1993. 
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— The difficulty of regulating "trarisborder data flows-, that may include for 
example, strategic information as well as speculative funds that can be trkns 
ferred without control through a broad variety of proprietary communications 
systems. 

— The general weakness of governments when confronted with this "globaliza- 
tion" process that obviously holds the key to future growth while challenging the 
sovereign rights of nations. 

— Significant changes in the blend of skills required by the new technologies 
accompanied by new possibilities for the delocation of plants and acceleration of 
automation, thus generating simultaneously unemployment and labour shortages. 

— The growing importance of software and service activities relative to more 
traditional manufacturing. 

— The proprietary nature of much of the new information technologies: key 
technologies cannot be acquired by new entrants, even if they had the skills- and 
even if the technologies in question could be acquired and mastered, established 
markets could not be penetrated. 

At the same time, however, there are many features of the IT technologies 
that threaten the industrial world with major disruptions and threats. The process 
of structural adaptation, in itself, generates immense social difficulties that can- 
not be easily overcome, as shown by the rising unemployment rates. 

However, there maybe even more basic and fundamental forces at play. The 
multiplication of all forms of network that seem to extend worldwide the market- 
ing capabilities of the industrial countries may come to operate in unexpected 
directions. As noted above, the labour markets of most industrial countries are 
characterized by the coexistence of unemployment and shortage of certain skills 
Yet these skills are available elsewhere and the new computef-to-computer com- 
mumcation infrastructures make it possible to employ these skills, wherever they 
are, without delocation of industries. Some Western European firms, for exam- 
ple, have already taken advantage of "teleworking" to employ accountants in the 
Philippines, or software developers in Hungary and India. 

These new trends illustrate what may be a dominant pattern in international 
competition in years to come, characterized by the disappearance of many tradi- 
tional links between employment and location. In such a new configuration edu- 
cation systems, low salaries, and the availability of adequate skills and compe- 
tence, may become a decisive competitive advantage as such. But what are "ade- 
quate" skills? The ability to choose wisely in wfoat areas to specialize, and how 
may well turn out to be the essential key to economic success in years to come 
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3. The future of nations 



Compulsion and liberty 

No country can at present afford to isolate its scientific and technological 
effort from those of others. Yet, in order to be able to follow the international 
progress of knowledge and skills, each country must retain its own specific capa- 
bilities, that will often require the creation and maintenance of an R&D base in 
the areas considered essential for its future. 

It would thus appear that any national technology policy must acknowledge 
that the existence of "margins of liberty" (that is, areas where it can decide to 
acquire strength or not), is conditioned by the acceptance of "compulsory 
choices" (in other words, "core" technologies that must be mastered in order to 
have minimal access to the technology in question. 

Looking across major national and international scientific and technological 
programmes, in Europe, North America or Asia, one in fact discovers quickly 
that they all have a common core reflecting the need to acquire control of a basic 
technology. However, once this is acquired, different degrees of autonomy and 
specialization can be exploited. 

This can be illustrated by the examples of information technology, biotech- 
nology and materials. 

— Information technology is a heterogeneous grouping of areas such as micro- 
electronics, data processing, telecommunications, and computer-assisted manu- 
facturing. In microelectronics the common thrust is to design smaller chips while 
minimizing the production costs through greater circuit integration, improve- 
ments in semiconductor design and fabrication, or silicon and gallium arsenide 
applications. In data processing, applications are turning to expert systems (intel- 
ligent machines), intelligent robots and speech recognition. Each of these appli- 
cations must be mastered by anyone wishing to be in the running in future, if only 
to be able to take full advantage of the diffusion of new products as soon as they 
come on the market. Whether concerning Japan's INS programme, or the Euro- 
pean Race programme, or the more recent Clinton initiative in the United States, 
the major objective in telecommunications seems to be the establishment of inte- 
grated services digital networks (ISDN) that will in future meet the requirements 
of all users (firms, services, administrations and consumers) by carrying sound 
images and texts at very high speed and very low cost. Computer-integrated 
manufacturing is now based on numerical control machines, industrial robots, 
computer-assisted design and manufacturing systems and visual tactile recogni- 
tion devices. A large number of national and international programmes reflect 
these priorities. 
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productive, these efforts will need to be pursued in close relation with social and 
economic actors, in order to facilitate the transfer of questions as much as of 
results. And, finally, it will also be necessary to develop appropriate channels to 
remain continuously informed of world developments in research. Such channels 
will depend on the establishment of networks and collaboration between the 
national industrial and scientific efforts and their international counterparts. 
Hence a paradox: in order to acquire or retain a competitive edge (a condition for 
the safeguard of national identities), any country must actively explore all possi- 
ble channels of cooperation with others, in research perhaps even more than in. 
other areas. This is as much a consequence of the proprietary nature of a great 
part of the research results in high-technology than of the rapid rate of production 
of new knowledge in these fields. 



Towards new forms of research cooperation 

The rapid development of a global economy has reinforced the belief that 
the days of the nation-state are numbered. And yet, simultaneously, there is no 
lack of evidence worldwide of the resurgence of many forms of nationalism, 
often leading to conflict and open warfare. It would seem that progress in achiev- 
ing world growth based on the exploitation of the potentialities of economic 
interdependence will depend on the ability of the international community to 
achieve a working compromise between the requirements of the global system 
and the preservation of national identities. 

Thus, governments everywhere attempt to define their new role. One thing, 
at least, has become ever more clear: no country can expect to be an effective 
actor on the world economic scene without the scientific and technological 
resources required to keep up with, and even to generate, an uninterrupted flow 
of innovations. And all countries also find that the ability to compete effectively 
goes hand in hand with the ability to cooperate. The collapse of the Eastern bloc 
at the end of the eighties is a dramatic illustration of the penalties to be paid, even 
when scientific and technological resources are in principle abundant, for isola- 
tion from world trends, information channels and trade. 

Western European countries began their march to economic unity by joining 
forces in the key sectors — coal and steel — of the post-war world, gradually to 
extend this cooperation to nuclear energy, space, and subsequently to the whoje 
range of science and technology activities, in education as well as in research. 
The recent creation of the North American Free Trade Area represents another 
milestone in this trend towards cooperation at the scale of continents. Japan has 
multiplied collaborative ventures with other Asian countries through the Asian 
Pacific Economic Cooperation (Apec) system, and often demonstrates its desire 
to join forces with other members of the '"Mad" to explore the most advanced 
frontiers of knowledge. And it is probably no coincidence if other countries that 
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lag behind, economically as well as technologically, are often those that have not 
managed to generate and join effective regional cooperation schemes. 

For, once again, cooperation and competition, in today's world, are two 
sides of the same coin. Cooperation is, of course, an unavoidable route when 
resources are limited and a single country cannot bear the full cost of the large 
R&D investments that are often required in key areas. In less tangible ways, 
cooperation is also required in order to develop in common the basic rules that 
will make it possible to benefit fully from a "regulated 1 * globalization process: 
common understanding and joint decisions at international level are necessary in 
order to remove barriers to the expansion of trade and establish a world trade sys- 
tem whose excesses (in the form of excessive monopolies, or savage competi- 
tion) could only generate adverse national reactions taking the form of open or 
hidden protectionism. To "tame" globalization will require that greater attention 
be paid to developing more fair and effective international "new rules of the 
game'* in areas as diverse as intellectual and industrial property rights, transbor- 
der data flows, privacy protection, antitrust, standardization, technological risks, 
environmental hazards, access to data, and so forth. 

Discussion of many of these questions are time and resource-consuming, as 
well as highly technical. These negotiations are often left to technicians repre- 
senting a small number of countries. Others might be well-advised to take more 
active interest, so that their specific interests are fully taken into account at the 
appropriate time. The future of nations depends on this ongoing process of devel- 
opment of new rules for the global society, that is intended to establish the gen- 
eral framework within which each country should be in a position to define its 
own approach to economic and technological progress. 

In relation to research, for example, the absence of common rules has seri- 
ous implications. The exploitation of the findings, which is the normal outcome 
of any cooperative scheme — at national as much as at international level — 
must be shared out on an equitable basis. When the project is concluded, it must 
be possible to measure the input and benefits for each concerned: for instance, a 
line must be drawn between the knowledge and know-how initially supplied by 
each participant, or background, and the results of the shared work, or fore- 
ground. 

This distinction becomes even more blurred when the partners are reluctant 
to disclose the extent of their skills in detail for the simple reason that they do not 
wish to say too much to potential future competitors. Japanese firms taking part 
in R&D projects have been known to consign information on their background 
knowledge in sealed envelopes to be opened only in the event of disagreement 
over the allocation of results. 

The procedures used for sharing out the results are of vital importance for 
determining the patent rights or potential licensing rights of each party con- 
cerned. The diversity of approaches currently used in different national and 
international programmes is therefore likely to lead to conflict. 



99 



This is compounded by the fact that programmes are evolving. At the start, 
most programmes result from a strategic plan for advanced research. The intent 
is to pool knowledge and research means among teams of researchers from pri- 
vate firms, university or public laboratories in order to generate basic knowledge 
in a new technological field. The aim is to move ahead in a generic technology 
(e.g. genetic coding, or superconductivity) without any specific commercial out- 
lets in mind at the start. Research is viewed as "pre-competitive". However, tech- 
nology — even of the most "generic nature" — is never totally divorced from 
strategy and commerce. As the project develops, economic implications and 
application opportunities will become more and more obvious. The cooperative 
programme tends to shift to more market-related goals, and will thus meet even 
greater difficulties in sharing out research findings. The future of the participants 
— be they countries or firms — depends on their ability to anticipate such situa- 
tions and solve these problems equitably. 



The challenge of defining priorities 

"There was a time — not so long ago — when governments hoped to be able 
to programme, and even plan, scientific and technical progress with the aimt)f 
being able to control the whole chain of initiatives and events leading from the 
production of knowledge to the launching and diffusion of products*" 1 ^ The com- 
mon assumption that there actually was such a chain, mechanically linking basic 
research to innovation, was certainly naive oversimplification. It remains, how- 
ever, that the overall context in which science and technology policies are made 
has changed drastically since the sixties and seventies, to a large extent as a result 
of the progress achieved in the new "high-tech" sectors. For many observers, the 
world has entered a new "techno-economic paradigm", and is presently engaged, 
as a result, in a process of major change comparable to the Industrial Revolution 
of the last century, but which may turn out to have even deeper implications, in 
view of its global nature. 

The world economy is thus being remodelled, and the interplay of techno- 
logical, economic, social and political factors is so complex that even the Imme- 
diate future is difficult to forecast. Instant adjustments to unexpected shifts have 
become a daily requirements for individuals, firms and other institutions, as well 
as for governments. In this climate, the stress is on structural adaptation, flexibil- 
ity, deregulation, decentralization, initiative... In the absence of clear markings of 
the road to be followed, it becomes indeed very difficult for each country to 
arrive at rationally defined priorities. 

And yet such priorities are unavoidable in science and technology, with 
regard to education and the provision of skills as much as with respect to 



16 OECD. Major R&D programmes for information technology. Paris, 1989. p. 12. 
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research-related activities, ranging from the selection of programmes to be 
launched and implemented domestically, to the choice of areas where coopera- 
tion and/or licensing would be needed. Such choices will be all the more difficult 
in view of the fact that they may only be expected to have a medium-term or even 
long-term impact. 

New types of approaches to the day-to-day monitoring of rapidly evolving 
technologies are needed. As noted above, a careful analysis of the main trends in 
each of the new major technological areas will bring to light "margins of liberty" 
and areas of "compulsory choices". This understanding is of essential importance 
to all countries since it will set the technological framework against which deci- 
sions can be arrived at. In other words, the challenge is "to bring out the extent to 
which the options that can be envisaged are in fact circumscribed by a certain 
number of lines of force that do not allow very much diversity in the choice of 
objectives and impose a certain logic on all approaches". 17 

The identification of these "lines of force" has been referred to as an exer- 
cise m "technological landscaping", 18 whose task is to identify peaks that cannot 
be scaled, mountain ranges that must be crossed, and valleys that might make it 
possible to circumnavigate obstacles. In order to be effective and contribute to 
the formulation of the national technological strategies, it is clear that such an 
effort should be developed on a continuous basis, since it is concerned with a 
constantly shifting landscape; that it should be established in close communica- 
tion with the highest levels of government concerned with industrial and technol- 
ogy policies; and that the results of its work should be broadly publicized and 
available to all relevant public and private actors whose decisions are affected by 
or will have an impact on, technological change. 

Finally, such an activity needs to be directly articulated with more circum- 
scribed efforts undertaken by different groups to explore certain aspects of tech- 
nological change. These related efforts range from the technological "search" 
activities of firms hoping to keep abreast of the "state of the art" in their specific 
branches, to technology assessment attempts reflecting environmental and social 
concerns. 

Technological landscaping, however, cannot be expected to make a real con- 
tribution if it serves merely to collect and redistribute data on innovation. Land- 
scaping implies a construction, an effort to make apparent chaos intelligible 
Thus, the main challenge of technological landscaping is probably to organize 
the information collected in a way that will facilitate insights in areas of national 
interests. There are, at present, no ready-made recipes or formulas for such an 
achievement, and one may hope that practice will gradually improve. But the 



17 Id. ibid, p. 13, 

18 Id. ibid 

19 See: Brooks, Harvey. Technology assessment. In: Salomon et al. Op.ciL 
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magnitude of the theoretical and practical difficulties should not deter any coun- 
try from launching this type of effort, in the direction most appropriate in view of 
its national endowments and concerns. 

4. Conclusion 

All countries have to adjust to an international environment which has 
hecome more and more volatile and less and less predictable. The ability to 
mobilize science and technology is now broadly acknowledged as an essential 
asset but technological advances proceed so rapidly and on such a broad rront 
that they contribute to increasing uncertainty about the future. Brazil has in the 
past devoted considerable resources and energy to the development of scientific 
and technological resources. In several cases, the country has followed strategies 
of its own, which have given the national S&T effort some unique features and 
have succeeded in placing Brazil as a world leader in several areas. 

Although the author of this chapter is very far from being fully informed of 
the many dimensions of Brazilian science and technology, it would seem to him 
that the major and most urgent task ahead is to take advantage of these accumu- 
lated resources (in terms of qualified personnel, institutions, expertise, skills and 
know-how) as competitive advantages for successful participation in interna- 
tional trade. The difficulty of the challenge is to seek greater integration in inter- 
national exchanges of technology, goods and services, while seeking to 
strengthen the contribution of S&T resources to the development of the Brazilian 
economy and society as such. 

The very first priority should be to encourage and strengthen the institu- 
tional chain that unites the system of production of scientific and technological 
knowledge with the economic and social systems where the results will be con- 
sidered for application. 

In order to increase the general effectiveness of the national research system, 
the professionalization of science and technology still needs to be encouraged 
and advanced. Broadly speaking, the research profession needs to be even more 
explicitly recognized as a legitimate and essential activity within society. On the 
one hand, this will require systematic efforts to facilitate public understanding of 
the specific needs and national implications of scientific work. On the other hand, 
public recognition should be translated, from the perspective of the scientist, in 
terms of adequate salaries, career prospects, a sense of belonging to a national 
scientific community, and so forth. 

Professionalization of research also requires effective institutional settings 
(universities, government research establishments, industrial laboratories), where 
the basic requirements of scientific work are satisfied (in terms of equipment, 
technical assistance, facilities, and so on), while supplementary fundmg can be 
obtained for specific projects. In spite of the high priority assigned to applica- 
tions-oriented work, pluralistic funding will be essential to leave the way open 
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for the support of different types of research in a great variety of sectors This 
sort of diversified support is an essential condition for the development of a flex- 
ible research system, that will be able to reflect the variety of national needs 
while allowing space for undirected, more basic research which is the breeding 
ground for future innovations. 

In this connection, special attention should be paid to university research, as 
a focal point for the training of future researchers and the pursuit of non-oriented 
research. 

The federal structure of the country should provide an opportunity to foster 
decentralization and diversity in research and training approaches. It is also at 
this decentralized level that initiatives could be taken to reinforce various 
"bridges" between research, the society and the economy, in order to encourage 
application of results to the solution of local needs. This type of linkage is all the 
more essential, because it should often provide a favourable setting for the emer- 
gence of new ideas, experimentation and demonstration based on generic tech- 
nologies that are nationally available. When appropriate incentives are available, 
such local environments can become hatcheries for innovations that draw upon 
the national stock of knowledge and know-how to respond to specific economic 
and social demands. The potential of such innovations for lucrative marketing 
abroad should not be underestimated. 

The diffusion of new results and technological developments also needs to 
be systematically pursued at national and local levels, to be brought to the atten- 
tion of small and medium size firms, farmers and forest managers, exporters, and 
so on. In each case, specific arrangements will be needed to ensure effectiveness 
in reaching the target group. Extension services developed in other countries in 
rural areas could provide a model to be adapted. In any case, policy analysis and 
evaluation should be conducted on a continuous basis to bring to light areas of 
possible convergence between research applied to national needs and market-ori- 
ented research and applications. Various schemes will be needed (from "factory- 
nurseries" to venture capital opportunities), in order to encourage a new export- 
oriented spirit and facilitate the commercialization of new products. 

These efforts should, in particular, be closely related to technological land- 
scaping activities conducted in close relation with policy-makers. These activi- 
ties should provide essential inputs for the definition of national priorities in 
research and training. Their results should be broadly available to the public. 

Export-oriented attitudes should in any case be systematically encouraged in 
research institutions. This might require deliberate efforts to promote industry- 
university relations in education and research and to provide assistance to scien- 
tists for the filing of patents, and so on. Scientists and engineers should be able to 
contribute directly to innovative industrial ventures. 

Export-oriented institutions should be reinforced in areas such as standard- 
ization, quality control and conformance testing. Special measures should be 
implemented to ensure that the responsible bodies are adequately funded for their 
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national and international activities, and remain closely connected to both sci- 
ence and industry. 

The implications of the major goal of creating a "networked society*' — 
both nationally and extended internationally — should be explicitly recognized 
in all areas of public policy. Special decisions will probably be required in order 
to promote "open systems" in government informatization programmes. 

Greater attention will need to be paid to the implications of public purchases 
at national and local levels. The public purchases system should be established 
on a basis that fosters technological creativity as much as economy of resources. 
All sectors of government activity should, in particular, be invited to explicit and 
articulate their technological requirements. The overall requirement of *' vintage 
compatibility" (between different generations of technologies) will be especially 
important in connection with the development of social infrastructures (in urban 
as well as in rural areas): initial investments, even when modest, should be 
designed not to preclude subsequent additions of t and integration with, more 
modern and extensive components. A basic principle to be strictly adhered to 
would thus be to always "leave future options open". 

All these decisions will usually involve substantial contracts with suppliers 
and constructors. It should be remembered that contracts allocated competitively 
(on the basis of a "bids and proposals'* procurement system) have a positive 
effect on innovation capacities. While non-competitive procedures for the alloca- 
tion of public contracts usually do not. 

Beyond the large but still limited area covered by public purchases, all 
industrial societies need to increase deliberate efforts to generate more diversi- 
fied demands for the application of new technologies in industry and services. 
Various incentives and technical assistance schemes will be needed for this pur- 
pose. 

Finally, adequate resources need to be specifically allocated to the pursuit of 
international efforts, as natural extensions of national activities in science and 
technology. Careful consideration, however, needs to be given to the procedures 
and mechanisms most appropriate to maximize returns. 
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